The objective of this work was to explore the impacts of intensive strawberry monocropping during five years on the fruit-yield and on the microbial soil activity and composition. Field trials were performed in two plots: P1(a soil with five years of consecutive strawberry cropping), and P2 (a soil with just one year of strawberry cropping). Fruit-yield was quantified; total microorganisms and four functional groups (cellulolytics, nitrogen-fixers, phosphate solubilizers, and siderophores producers) were quantified, isolated and characterized in both plots.
Introduction
Monocropping is the agronomic practice of growing a single crop year after year on the same land, in the absence of rotation with other crops or growing multiple crops on the same land. Several studies have indicated that consecutive monocropping can lead to crop yield and soil quality decline and increased disease pressure (Li et al., 2012) . This was observed in different crops such as tomato (Seliga and Shattuch, 1995) , pomegranate (Sharma et al., 2015) , cucumber (Wu and Wang, 2007) , potato, peanut (Liu et al., 2015) , and recently in a study on soil microbial diversity and activity linked to crop yield and quality in a dryland organic wheat production system (Tautges et al., 2016) .
The quality of a soil is inferred from measurable soil properties, known as soil quality indicators, including traditional measures such as chemical, physical and biological properties (Mäder et al., 2002) . Soil microorganisms are vital to agroecosystem function and sustainability, but are sensitive to changes in land management practices, such as cropping system, tillage and fertilization (Zhou et al., 2014) . Consequently, soil microbial parameters such as microbial composition and diversity have been suggested as possible indicators of soil quality and soil function. The methods usually employed to measure the biological properties of the soil are: the quantification of microbial biomass, activity and diversity, analysis of community structure and plant-microbe interactions; soil DNA analysis using microarray and 16S rRNA gene pyrosequencing technologies (Benedetti and Dilly, 2006; Liu et al., 2015) .
However, little is known about the impacts of intensive strawberry monocropping on crop productivity and soil native microbiota.
Strawberry is a fruit crop with high economic value with an annual worldwide production estimated of around 4,500,000 t (FAOSTAT, 2014, http://fostat.fao. org). In all the producing countries around the world, it is generally performed as an intensive crop with high input of agrochemicals (fertilizers, pesticides, etc.), which, despite contributing to the success of the crop, may have an adverse impact on the environment. In general, the current production system includes annual planting, black polyethylene mulch, drip fertigation and polyethylene one-row tunnels. However, it is well known that many crops experience a decline in productivity when replanted in the same site (Bennett et al., 2012) . This could be related, in part, to some deterioration of the soil quality which could also be reflected in its microbial community, generally related to those functional groups that contribute to its fertility, such as cellulolytics, nitrogen-fixers, phosphate solubilizers and siderophores producers, as well as the total microorganisms and their enzymatic activities.
Considering that soil quality is related to the sustainability of biological productivity, maintenance of environmental quality, and promotion of plant performance, the objective of this work was to explore the impacts of intensive strawberry monocropping during five years on the strawberry fruit yield and on the microbial soil activity and composition, considering total culturable microorganisms and some functional groups of agricultural importance.
Materials and Methods

Site description
The study was conducted at the Experimental Station of INTA-Famaillá, province of Tucumán, Argentina (27º03´ S, 65º25´ W; 363 m above sea level).
The climate is subtropical sub-humid. According to the US Soil Taxonomy System, the soil is an Aquic Argiudoll. The field was divided into two plots: P1, soil subjected to 5 consecutive years of strawberry cropping from 2006 till 2010, and P2, soil first implanted with strawberry in 2010. Before the assays, P1 and P2 were not cultivated, neither fertilized nor tilled; they were just covered with different weeds which were then mechanically removed before planting strawberry. and subjected to t-test for independent samples at 5 % of significance level by using the Statistix Analytical Software 1996 for Windows ® . At the end of every harvest season, the plastic was removed and the plants were plowed into the ground.
Strawberry cropping
Sampling of soil to assess its microbiological status
Soil samples were taken from P1 and P2. The samples of each plot were taken from three subplots separated 5 m from each other, in order to avoid any heterogeneity effect of the soil, in the following months: May (crop planting); July (beginning of fruit production); September (maximum fruit production); and November (completion of the fruit production cycle). In the Southern hemisphere this signifies taking soil samples in autumn (May), winter (July), and spring (September, November). The average rainfall and temperatures during these months were: 25 mm and 17 °C in May; 20 mm and 12 °C in July; 40 mm and 19 °C in September; 110 mm and 25 °C in November (data recorded in the meteorological station at INTA-Famaillá).
For each sampling period, three completely randomized soil samples were collected from each subplot.
The samples were composites of 9 subsamples of 1 kg each taken with an auger (down to a depth of 30 cm) from the middle of embankments planted with strawberries. The subsamples of soil were placed in labeled plastic bags and immediately taken to the laboratory where they were homogenized and sieved. 
Quantification of microorganisms
From each composite-soil sample decimal serial dilutions were performed to quantify total culturable microorganisms and four functional groups of agricultural importance, starting with 10 g of soil dissolved in 90 mL of 1 M potassium phosphate buffer, pH 7.0.
To quantify soil microorganisms 100 µL of each dilution were plated by triplicate in different growth culture media (solid or semi-solid, indicated below). In all cases, the incubation was at 30 °C for 48-72 h. Teather and Wood (1982) .
Nitrogen fixers
To determine nitrogen-fixing bacteria Ashby and NFb media were used (Subba Rao, 1977; Baldani and Dö-bereiner, 1980) . Ashby composition was: Mannitol
pH 7.2. The semisolid NFb medium composition was:
, 4 mL/L Fe EDTA (1.64% w/v, aqueous), agar 1.8 g/L; pH 6.8; it was distributed in glass vials (5 mL) to determine the most probable number (MPN) of diazotrophs per gram of fresh soil using the McCrady probability table for three replicates (Pedraza et al., 2007) . The cultures forming a typical white pellicle below the surface of the semisolid medium were considered positive after checking the presence of bacteria by optical microscopy.
Phosphate solubilizers
The culture medium NBRIP (National Botanical
Research Institute's Phosphate; Nautiyal, 1999) was 
Characterization of microbial isolates
Pure isolates of each functional group were obtained from P1 and P2 and characterized macroscopically to determine type, color and shape of the isolated colonies. Their microscopic features were analyzed by mounting fresh cultures of the isolates on slides to observe their morphology, size, motility, and clustering using a Leica microscope DM500 (40X and 100X).
Also, they were Gram stained. Subsequently, a representative isolate of each group was characterized by 16S rDNA sequencing and ultrastructure analysis using scanning electron microscopy (SEM).
16S rDNA-sequencing
A fragment of the 16S rDNA gene (1,450 bp) was amplified with the universal primers 27f (5´-GAGA-GTTTGATCCTGGCTCAG) and 1492r (5´-CTAC-GGCTACCTTGTTACGA, and the conditions prescribed by Grifoni et al. (1995) . Then, the amplified products were purified and sequenced with the 4-capillary ABI 3130/Hitachi Genetic Analyzer (Applied Biosystems, USA) using the same primers. Sequence analysis was performed using nucleotide sequences available in the GenBank, EMBL, DDBJ and PDB databases of the National Center for Biotechnology Information (NCBI).
Scanning electron microscopy
Pure cultures of representative isolates of each functional group were fixed and processed for SEM according to Guerrero-Molina et al. (2012) and examined with a ZEISS SUPRA 55VP (Carl Zeiss Co., Germany) scanning electron microscope.
PCR-amplification of nifD gene
The potential N 2 fixing capacity of isolates from Nfree media (NFb and Ashby) was assessed at least three times by PCR-amplification of a ~710 bp fragment of the nifD gene using the primers and conditions described by Potrich et al. (2001) : nifD-up to the protocol described by Anderson (1982) . This indicates the magnitude of the microbial activity and represents the CO 2 emitted by the soil aerobic heterotrophic microflora in a ten-day incubation period under controlled humidity conditions. Here it was determined at 50% water holding capacity, and at 25 °C. The CO 2 captured in 0.1 M NaOH was titrated with 0.1 M HCl, using phenolphthalein as indicator (Anderson, 1982) .
Results
Strawberry fruit-yield
During the five years of strawberry cropping in P1, (plot with one year of strawberry cropping) during different years (2006) (2007) (2008) (2009) (2010) in Famaillá, Tucumán, Argentina.
Different letters indicate significant differences at p˂ 0.05. nc: not cultivated with strawberry or any other crop.
Quantification of microorganisms
The total number of soil culturable microorganisms, cellulolytics, nitrogen fixers, phosphate solubilizers and siderophore producers in P1 and P2 varied among the different months of sampling (May, July, September and November) and cropping time (either one or five years of strawberry cultivation) as shown in Table 3 . In general, the quantity of total culturable microorganisms and the functional groups analyzed were significantly higher in P2 than P1 (p<0.05).
The cellulolytics were discriminated as total, fungi and bacteria (Table 3) 
Characterization of microbial isolates
The microbial characterization of a representative isolate from each functional group, as well as their GenBank accession numbers and ultrastructure are shown in 
MPN of diazotrophs and nifD gene amplification
The MPN of diazotrophs in P1 was one order of magnitude lower than in P2 during May, July and September (Figure 2a) . In all the isolates obtained from NFb nitrogen-free semisolid medium a fragment of about 710 bp of the gene nifD was observed (Figure 2b ).
However, no amplification was observed in the isolates from Ashby medium, although it was successfully cultivated at least ten times in this N-free medium. 
Total microbial soil activity
The results of total microbial activity observed in P1 and P2, evaluated by enzymatic and soil respiration methods, are shown in Figure 3 . Soil enzymatic activity (expressed in µg of fluorescein/ g of soil/ hour) was 68.2 % and 70.62% higher in P2 than in P1 (p<0.05), during September and November, respectively ( Figure   3a) . The values correspond to the spectroscopic quantification of fluorescein produced by hydrolysis of the substrate FDA due to the action of proteases, lipases, and esterases, occurring in the native soil microorganisms, according to Margesin (2005) .
Similarly, soil respiration data (expressed in µg of CO 2 / 10 g of soil/ day) were higher in P2 than in P1 for every essayed month, indicating that respiration was independent of the stage of crop production but it was greatly influenced by the amount of years with strawberry cropping when comparing P1 with P2 ( Figure 3b ). replicates and its standard deviation. Different letters indicate significant differences between P1 and P2 (p˂0.05).
Discussion
This work was performed to explore the impacts of intensive strawberry monocropping. For that, strawberry fruit yield and soil microbiological status were assessed, comparing two situations in the same soil:
one plot with five years of continuous strawberry monocropping (P1), and another one first time implanted with strawberry (P2).
It was reported that a higher soil quality may have greater microbial functional capability favoring the resilience to stressing conditions in strawberry crop (Reganold et al., 2010) . In our case, the soil quality of P2 was higher than P1 (measured by its better microbiological status) and showed higher plant productivity, with fruit yields almost as good as the first year of When comparing the two situations (P1 and P2), the drop in microbial number and activity over the time of intensive cropping may partially explain (from a microbiological point of view) the lower fruit yield of strawberries observed after five years of intensive cultivation in the same soil (P1). Notice that both plots were not cultivated before the assay and were just covered by weeds; therefore, although microbial number and activity were not measured before this work, this information would probably be similar for P1 and P2. There, we registered a diminution of about 10% fruit-yield after each year of cultivation, thus about 50 % of decline after 5 yr. Furthermore, the lower values of pH and organic matter registered in P1 compared to P2, may have also negatively influenced the activity and number of soil microorganisms because they can be limiting factors of soil microbiological development. The decrease in organic matter over the years could be the underlying mechanism for the lower microbial biomass and activity in P1 compared to P2 and consequently for the lower strawberry yield. Hence, addition of organic matter could be a good strategy for enhancing strawberry yield through enhancing nutrient mineralization by microbes. Thus, it is important to stress the responsibility of the soil microorganisms status for improving the bioavailability of nutrients, considering the crucial role they play in biogeochemical cycles (Dilly, 2006) .
It is known that soil microbial communities can significantly influence the productivity and overall qual- November. This indicates that these parameters were independent of the stage of crop production in P1.
However, considering that those values registered in P2 (with higher organic matter content) were higher than in P1 for every month analyzed, we inferred that the quantity of microorganisms and their activities (FDA and respiration) were dependent on the amount of years of cropping in the same plot. This showed that the cultivation of strawberry during five consecutive years (without rotation with another crop) had a negative impact on the soil microbial population, and hence, it could be related to the plant productivity in that soil, although this was not demonstrated in this work. Therefore, according to Bennett et al. (2012) , soil microorganisms can be implicated either directly or indirectly in the yield decline of the crops, as observed also in grasslands and maize productivity (Schnitzer et al., 2011; Bossio et al., 2005) . But to support the soil microorganisms over time, the availability of organic matter is crucial. It is known that crop residues are a valuable source of organic matter for most agricultural soils; they can improve the soil quality and productivity through favorable effects on soil properties such as plant available water holding capacity, cation exchange capacity, and the stimulation of beneficial microorganisms (Saroa and Lal, 2003) . It is known that the occurrence of beneficial soil organisms could suppress pathogens and diseases, improve nutrient availability, promote plant growth, and thus increase the crop yield (Yuan et al., 2014) .
It was also reported that the microbial community shift can occur due to different managements of soils, impacting on their structure and functions (Schnitzer et al., 2011; Bossio et al., 2005) . In this work, when analyzing the two situations: the number of total culturable microorganisms, phosphate-solubilizers, nitrogen-fixers, siderophores producers, and cellulolytics observed from May to November was higher in P2 than in P1. Besides, in the latter functional group, the fungal population was lower in P1 compared with P2 at the end of the trial. So, it was observed that the continuous cropping of strawberry in the same plot with the same management not only affected native bacteria but also fungi. These findings are consistent with reports in which total fungi and the arbuscular mycorrhizal fungi communities were found to be impoverished in species composition upon agricultural intensification, particularly upon a change from crop rotation to monocropping (Sharma et al., 2015) . However, this might depend on the crop types used in the rotation and tillage. It is known that tillage (e.g., minimum, conventional or deep tillage) is one of the most important agricultural practices to ameliorate crop productivity and maintain soil health. Minimum tillage is suggested to avoid leaching losses of nutrients, thus enhancing the availability of nutrients to the plants and soil microbiota .
The PCA explained the variability for the different physiological groups in two dimensions, showing that the cellulolytic fungi group is important in the second principal component (dimension 2); this means that the cellulolytic fungi group was influenced by the plots and environmental conditions. Considering that at the end of every harvest season, the plastic was removed and the plants were plowed into the ground, According to our results, the intensive cultivation of strawberry for several years in the same field exerted a negative influence on the soil quality, affecting the native microbial population, and that could be linked to the fruit yield decline observed. Therefore, this situation should lead to another look at different alternatives of crop management, and the addition of organic matter in the form of compost, manure, or straw should specially be considered. It may well be that the decline in organic matter content (substrate limitation) was the main cause of the lower microbial biomass and activity observed in P1. The addition of compost had positive effects on the soil nutritional status, microbial community structure, and enzyme activity in different stages of barley cultivation (Moreno et al., 2017) . Application of organic manures had significant influence on organic carbon depleted arable soils by improving maize productivity and soil physico-chemical properties (Mahmood et al., 2017) . Also, residue addition frequency strongly influenced soil respiration, microbial biomass and nutrient availability after addition of low C/N residue, for example, young faba bean (Vicia faba L.) (Zheng and Marschner, 2017) .
It was reported that cover crop rotations alter soil microbiology and reduce replant disorders in strawberry (Seigies and Pritts, 2006) . Furthermore, it would be possible to select preplant cover crops based on sitespecific microbiological, physical, and chemical soil properties that will considerably improve soil conditions before replanting strawberry. Also, the use of bacterial biofertilizers may enhance strawberry crop yields without adverse effects on soil properties and ensure basic criteria of sustainable fruit production (Pešaković et al., 2013) . It was recently reviewed by Dane et al. (2016) the possibility of strawberry cultivation intercropping with legumes, considering that the unused soil surface between the strawberry rows is an area in which intercropping can be used. Legumes can provide nitrogen, as well as biological and physical barriers against pests and diseases (Dane et al., 2016) . Consequently, more studies are needed on best agricultural practices that should be implemented in intensive cultivation of strawberry, to sustain the native soil microbiological status and avoid a possible negative impact on fruit yield.
Conclusions
The impact exerted by the intensive monocropping of strawberry in the same field during five consecutive years on fruit yield and native soil microbiota was assessed by field trials and different microbiological approaches. A decrease in fruit yield over time, and a lower microbial biomass and activity was observed in P1 compared to P2. Hence, strawberry monocropping indicates a decline of soil native microbiota over time and this could impact on plant productivity, among the different factors involved in the management of this horticultural crop.
